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"~ The container hopper is designed to attenuate the swinging motions of 2 maritime vun container
suspended from a floating crane and then guide the container directly onto a truck trailer. It was
deveicped under the auspices of the Marine Corps Development and Education Command and the
Naval Fucilities Engineering Command.

There were two major phases in the development of the hopper. The first consisted of impact
tests on onz of the hopper shock absorbers. -High speed movies were taken of the impacts and
measurements made of the shock absorber deflections. The test data was combined with a computer
program for stress czlculations. From the results it was concluded that fully-loaded, 20-foot long van
container would not be damaged if it should strike a hopper absorber at three feet per second or less.

The second phase was 2 fully nperational evaluation of the hopper during the GSDOC 11
{Offshore Discharge of Contairership 11} exercise in which a containership anchored cne mile off the
Virginia coast was unloaded with a ficarng crane. The crane lowered containers through the hopper
onto flatbed semi-traifers, MILVAN chassis, and tandem rigs. Like the ctane, the hopper and trucks
were on a floating platform. Loading times as short as one minute were achieved.

it was concluded that the hopper greatly aids the placing of containe s by floating crane onte
truck trailers 3t sea. Moreover, the hopper is an uncomplicated piece of equipment which has the
durability required for container handling cperaticns.
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IMPACT AND OPERATIONAL TESTS OF THE CONTAINER HOPPER
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YF 53.531.104.01.001
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M. J. Wolfe and S. K. Wang

ABSTRACT

The container hopper is designed to attenuate the swinging motions
of a maritime van container suspended from a floating crane and then
guide the container directly onto a truck trailer. It was developed
under the auspices of the Marine Corps Development and Educatior Command
and the MNaval Facilities Engineering Cormmand

There were two major phases in the development of the hopper. The
first consisted of impact tests on one of the hopper chock absorbers.
High speed movies were taken of the impacts and measurements made of
the shock absorber deflections. The fest data was combined with a
computer prograz for strass calculations. From the results it was
concluded that a fully-loaded, 20-foot lous van container weuld not be
damaged if it should strike a hopper absorber at three feet per second
or less.

. The second phase was a fuliy operaticnal evaluation of the hopper
during the 0SDOC II (Offshore Discharge of Containership II) exercise
in which a containership anchored one mile off the Virginia coast was
unlcaded with a floating crane. The crane lowered containers fhrough
the hopper onto flatbed semi-trailers, MILVAN chassis, and tande. rigs.
Like the crane, the hopper and trucks were on a flcating platform.
Loading times as short as one minute were achieved.

It was concluded that the hopper greatly aids the placing of
containers by floating crane onto truck trailers at sea. Horeover, the
hopper is an uncomplicated pilece of equipment which has the durability
required for container handling operations.

Approved for public release; distribution unlimitad.
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Because of relative motions between cranes and lighters, attempts
to load maritime van containers onto truck trailers while at sea have
net with little svecess. To improve this situation the container
hopper was conceived and develioped by the Studies and Requiremecnts
; Division of the Marine Corps Developwment and Education Comrand, the

Raval Facilities Engineering Command, the Naval Civil Engineering
Latoratory, and private industry.
This report covers the development of the hopper from the begin-

ning through final operational evaluation. It is divided into six
sections:

I. GENERAL DESCRIPTION OF THE HOPPER - This section is a

description of the hopper and how it operates.
discussion of the design criteria.

it

Also included :is a

II. 1IMPACT TESTS OF THE HOPPER - Cne of the primary functions
of the hopper is to attenuate the swinging motions of a maritime van
container suspended by a crane. A shock absorber system was designed
to accorplish this attenuation without damagingz the container. To test
# the design, fimpact tests were run in which a hepper shock absorber was

struck with a large weight. The test execution, data gathering, and
caiculations are discussed in this section.

I11I. OPZRATIONAL TESTS OF THE HOPFER - OSDGC I1 - The hopper
was used in Off-Shore Discharge of Containership exercise (OSDOC II) in
early October 1972 at Fert Story, Virginia. OSDOC 1I was a combined
Army/Navy aad Marine Corps exercise to test various means of unloading
a containership anchored offshore. The hopper was a component in one
of the unloading systems tested and, in fact, it was designed and
fabricated to be used in 0SDOC 1I. This section describes the use of
the hopper at OSDOC 1I, i. e., the fully operational test. Included are
descriptions of the arrangement of the equipment, the truck loading

oy hE R R gk TR KT e s Y

H tices, and ccoments of the operating crew.

i

- IV. POST-QSDOC II HOPPER TESTS - At the completion of 0SDCC II
: it was decided that more testing of the hopper was in order, primarily

? because it was used only two dozen times at ses during OSDOC II. Addi-

tional tests were done in the harbor at Little Creek, Virginiz, under
conditions simulating as best possible the OSPOC II operation. The
objective of the post-0SDOC Il tests was to gather more data on truck

loading times through the hopper. As a baseline for comparison, the
truck was also loaded without using the hopper.
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V. ESTIMATE OF LOADING CYCLE TIMES AT SEA - As implied above,
the hopper was not used encugh at sea during OSDOC II to make a
definitive statement on what loading times would be poszsible after the
crew had sufficfent practice .o be well-along the iearning curve. An
estimate i{s made in this section of the probable ioazding at sea by com-
bining data from the OSDOC II and post-CSDOC II tests. An assumption is
nade that as far as operation of the hopper is conccrned, there is no

difference between operation at zea arnd operation in the harbor where
most of the data was taken.

VY. CONCLUSIONS - The sixth and final section iists the
conclusions on the hopper design and operation derived from all the
impact, OSDOC II, and post-0OSDCC II tests.

I. GENERAL DESCRIPTION OF THE HCPPER

The hopper is designed to be used at sea, counted on a barge as
shown in Figure i. ¥hen in operation, the hopper-equipped barge is
moored to a2 craae barge which in turn is ooored fo a containership
(see Figure 2). A truck will be driven off a causeway and positioned
under the bopper, as shown in Figure 3. The crane will remove a
container from the cell cor deck of the containership and lower it dowm
through the hopper and onto the truck trailer waiting below. Figure 3
shows such a loading.

In port and similar laund-based operations the contaiser could be
iowered directly onto a trailer without benefit of the hopper. At sea,
however, wave and swell action will induce motions in the crane barge
and, therefore, the container suspended fresm the crane. These motions
cake it extresely difficult to position the container directly onto a
trailer. Also, the vessel supporting the trailer will be experiencing
wave induced motions which compound the loading difficulty. Even if
the crane and truck were on the same floating platform the loading
operation could still be difficult due to pitching and swinging of the
containzr which is suspended by the crane's cables. The loading {s
particularly difficult if the trailer is a MILVAN chassis, vhich reqguires
that the coatainer be placed with 2 fair amcunt of accuracy on fecur
protruding twist locks.

The hopper will do at least three things to facilitate placing the
container onto a trailer:

(1) present a large target for the crane operator as
he lowers the container;

(2) stop any horizonta: cmovement of the container which

nay oczur due to rovemant of the vessel supporting
the crane; and

(3) maintain the container directly over the trailer
as it is lowered into position.
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Figure 2.

Aerial view of the MRGC II test site. The hopper barge can
be seen in the left center of the photograph. One causeway
with empty trucks has been comnected to tha hopper barge in
the upper left. The (three) trucks lcaded so far have

driven forward onto the causeway oa the cother side {lower
laft) of the hopper barge.
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Figure 3. Aerial view of a truck being loaded through the hopper.
The trailer is a MILVAN chassis and the tractor a M818.




In the only time it was used at sea the hopper waz used as shown
in Figures 1 and 2. The tests were pact of the 0SDOC II operation which
took place in October 1972. A containership was anchored approximately
one mile off the beach at Fort Story, Virginia. A Delong barge was
moored next to the containership and the hopper barge moored to the
DelLong. A P&H truck crane of 250 tons capacity was mounted on the
Delong.

There were three primary design criteria for the hopper. It was
decided that the systew would arrest the movement of an 8'x8'x20’
container weighing 44,800 pounds moving at a maximum horizontal velocity
of three feet per second. An additional criterion imposed on the design
cf the hovper was that, in arresting the motion, the container was in no
way damaged by the hopper system upon impact. Finaliy, the hopper had
to be capable of guiding the container squarely onto a trailer parked
beiow.

The three foot per second maximum velocity was chosen before the
hopper was built. It is an arbitrary figure which most observers felt
was a good approximation of the maximum velocity at which a container
would swing at it was suspended from a crane. For exsmple, if the
contziner was suspended at the end of a 150 foot line, it would have to
swing through an amplitude {1/2 swing) of nearly 7 feet to reach three
feet per second at the point of maximum velocity (the bottom of the
swing) . This is a relatively large swing, particularly if taglines
are used to restrain the lcad. In addition, crane operating practice
dictates that the load not be allowed to swing out from under the boom
tip.

Adding these factors together, it was concluded that the corntainers
would not strike the bumper at more than three feet per second. This
proved to be a conservative estimate because in all loadings during
operational tests using the barge crane (0SDOC II} and afterwards, the
containers had little horizontal motion if the crane was not swinging
the boom. This lack of pendulating motion is discussed in detail in
Section III,

The hopper consists of two major elements: the top and the base.
Each is discussed below.

HOPPER TOP

The top, as iilustrated in Pigure 4, consiste of six bumpers
mounted on & rectangular frame. As shown in Figure 5. each bumper
consists of a curved pipe which pivots about its lowest point. The
rotating motion of the arm is restricted by a dampening device constructed
of two truck tires. The truck tires are bolted to each other, the lower
tire bolted to the fixed inclined plate, and the upper tire bolted to a
similar plate on the arm.
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The tires provide the cushioning or damping effect when the arm is
struck by a suspended load. They are compressed by the plate on the
arm as the latter rotates under the dynamic forces of the moving losad.
Figure 6 illustrates the action of the arm and tires during impact.

This shock absorbing feature allows attenuarion of the horizontal motion
of the swinging container at a considerable savings fun total weight over
a device which would rely on a rigid structure to absorb the energy.
Moreover, the resiliency of the system resultszs in considerably smaller
shock loads on the container than a rigid structure.

HOPPER BASE

The hopper baze is designed to accomplish two functions: (1)
elevate and support the top and (2) provide the fine positioning capa-
bility required to place the contiainer on the truck trailer.

As shown ir Figure 7, the base consists of four legs with bracing.
On each leg there is 2 guide assembly which can be manually rotated in
and out of the loading position. 1In Figure 1 the guide asscmblies are
in the open position. Figures 8, 9, and 10 show the details of a guide
assently. Each assembly consists of two movable flared wings which can
be moved back and ferth over each corner of the trailer. As can be seen
in Figure 9, the wings are moved by 2 screw mecharism which is actuated
by turning a wheel. One wing provider forward/aft adjustment and other
side-to~side adjustment.

The screw mwechanism for fore and aft control is a straight-thrcugh
screw vhich pushes or pulls or the lower portion of the hinged wing.

The wing is hinged at the top and rotates about the hinge. For the
side-to-side wing it was necessary to put in bevel gears tv make a right
angle turn. This arrangement makes it possible to control the two wings
from one location, since the wheels are located next to each other.

The lower edges of the wings meet at a 105° angle (see the top
view in Figure 2;. This provides extra clearance which permits the
operators to swing the guide assembly to the open position without
withdrawing the hinged wings after the container is posi*ioned on the
trailer.

To help center the truck under the hopper two 20-~foot long position-
ing rails were welded to the pontoon deck. These are shown in Figure 7
and can be partially seen in Figure 1. The distance between them is
slightly less than the distance between the inside of the tires on the
MILVAN chassis.

Pesitioning the truck lengthwise under the hopper is accomplished
by stopping the truck at a pre-determined point, marked with a line
painted on th2 deck. Once the truck is positioned, the guide assemblies
are swung into the loading position and the container loaded onto the
trailer. The guide assemblies must be swung to the open positicn before
a loaded truck can proceed from under the hopper.

W
9 . n et V-
3 s mea R AT S S o ﬂu-mmmxmmm

IR




*8ugpwor 3owdwy xopun xadung Ioddoy jo uoy3oy g oanBig

‘poysnId axe s0xY) 3891 3v xodung (w)
#0%] 330N *Suypvor Buranp zedung {q)




-38xeq ¢Ix¢ uo Bupjunout xoddoy jo sTyvaq ¢ andyg

m ﬂ %/,/ NOIVAT™ 141 \\ =ﬂ....|h_/
o

~WHOLIVY 400V A0 ‘31V14 95vE oL 43lod (

></

) 37 J34dOH "NOOLIAd !
Fini| oL "d3a33m A 3 u
i
- a0t NOILISGd 1 AWMISSY 3dIn ﬁ
\ ._ ONINAT 204 HOLVT v

-lu 1

| <], SNOILIINNOD 43108 |

anvid JI3iwne Pl
T gl S -(dAL) PNINAL - X,

-4
it
SAUVId A9 AW, flr.L@:.“nllL N
STTONY M0RIN TS [ N D |
e g e | - - - O ' WOTIRTY .
SAIUVIL W04 T1 T X AR )
' SING DHINCILISOS - " )
3 NOLLISG ONAWT

-r
Lt

&

Ju. 2~ >J&§wm2 ga , L d ., @ﬁ - cvm—

,m —ul.! = ! ) ﬁ T . \ N AL. (L4 J_ N
.H..:..muv. t 1. s 1 FIX aio) = T lmu  —

m .,-.." wu..w.‘...._. _ \
X \\ Loeepad ’
s %%%W\x.. ”. - -+ i dAL L
.- ) \VAF ~] |
-{ gt S Tt . NQOLNOJ 54 Vv

/ N
= AR as o { . dmll .mx.ﬂn.k LZS—Z(—A
e _f_ - e e aem lu!!.l.l;.\& ssssss ——
: m »- dAL.6:S




*Aiquessy Sutuoyityod Sury djvaedo 03 Apwex H
‘wxozyavid s,103viedo syy uo Buppuwis s} punoaser0j uy uwy
*PUPBOT aq 03 Apwax ‘uorlFsod Up AINII ¥ JO ARTA dn-smoy) ‘g 9InBEy !




TR R AL VLA LR I

TFERF RN FMErane chre LETTIE

AYI1102 SIHL NO

$IVIOY

AWNISSY 20109 —

I3 L204d0S NN

‘Lrquesse opin8 Suguoy3ysod Burjy wyi jo syywIeq ‘6 vandig

NOWISOd NI AISNASSY

30109 9MIAT0T A0d HOLWN w
e
(dAL) Houd L2 N 1y
> (R
@
= L g L
QALY LY any_/] A= ho
2404 A 133HM W / f 4
N i
L _

SAVED T13A34

T04LN0D
2415 -04- 3415 0= 133IHM

N
1o

13

b Bt 10t b R

: m
ot




. B s S T R L e T S ]

I I P T I

YT

‘uorayvod ,uesdo, ayy uy sy A1quovsv oy
‘seyiquessv Buguoriysod ouyy wyy jo wuo 30 dn.emo1n o1 candyy

v
]

E2

' [ 4
v, %&:,;. .,r;!t

]

i

"




[ pmpamhrnat g Rt AP e S 2 I e Ry

AR VITR S TS IS (4] R E SN N T LI IRTIMOS SN RS

- e -~ - - ————— S

Ezch of the guide assemblies is equipped with an operator's plat-
form, shown in Figure 7. Without the platform, shorter cperafors may
have some difficulty turnirg the adjusting screws, which are over five
feet above deck level. Also, it is essier for the operator to see the
twist locks on the MILVAN chassis when he is elevated slightly.

The guide device is heid in or out of lcading positioning by a
simple latch, which can be seen in Figure 9. The latch is hinged to
the assembly and drops into a slot on the supporting mast. This allows
quick and positive control of the unit as it is pushed by the crew into
and out of position.

When fully assembled, the hopper weighs a total of 33,000 pounds.
The base weighs 18,000 pounrds; the top, including bumpers, 15,0600 pounds.
When the hopper is disassembled, no piece weighs more than 4,000 pounds.

OPERATION WITHOUT THE TOP

As stated earlier, the primary functions of the hopper top are to
arrest the swinging potions of a centainer and tlien guide the container
down to the fine positioning devices. Conditions may permit use of the
hopper withcut the top. 7or example, the sea state may be mild, =0
barge and ship motfons would be szali. Or the container handling crane
may be equipped with tagiinces that eiiminate container motions. If
either of these conditions exists, it may be possible to dispenze with
the top of the hopper and use cnly the guide assembly to position the
container on a truck. The mein advantages of eliminating the top portion
would be the reductions in the bulk of the hepper zystem and set up time.
Since the hopper is to be used primarily in awphibious coperations in
uniaproved ports and must, therefore, be transported via amphibioue
shipping, any reduction ir shipping cube and asseably time wouid be
adventageous.

¥ith these points in mind, the Lopper was designed to be uszed with-
out the top. The top can be unbolted from the base and set aside. This
leaves just the hase with the guide assemblies exposed. Figure 11 is &
photcgraph of base without the top.

TROCK FERRYING T2 HCFPER AT SEA

As shown in Figure 2, the trucks are brought frox the beach to the
hopper on a three-section pontean causeway. Each section is 90 feeot
iong and the total length of 270 feet provides erough room for six trucks.
Warping tugs or LCM-6's were used to push the causeways to the hopper
barge.

An empty causeway is connectioned to the other side of the hopper
targe. This is the causeway on which the loaded trucks will return to
the beach. The truchs drive under the hopper, are lcaded, and proceed
forward to the exmpty or forward causeway. Once all the trucks are loaded
and cn the forwvard causeway, it is disconnected and push ashore. This
lezves an expty causeway at the hopper berge - i. e., the causeway on




Qe —

vhiich the empty trucks arrived. So next the causewey of unloaded trucks
will connect to the opposite side of the hopper barge. In this manner
the trucks always drive forwerd to under the hopper, are loaded, and
then proceed to the forward causeway.

At 0SDOC 1I there were three causeways in the system: one receiving
loaded trucks fros the hopper barge, one from which the trucks are
driving onto the hopper barge, and one 2t the beach. At the beach the
loaded trucks are driven off the causeway and across the beach to the
cargo dump. Once all the loaded trucks have debarked fros the beached
causewmy, the next group of trucks to be lcaded drive on for the trip
back to the rthi;.

N
BN ";]!‘um

Figure 11. Hopper without the top. Fine positioning assecblies
are in the "closed" pozition.
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II. IMPACT TES1S COF THE HOPPER

INTRODUCTION

The burpers were tested to determine their characteristics under

loading to exsure that they met the design criteriz. Tne impact tests
were done 2t NCEL with the following objectives:

1. Meagure the respouse of a bumper to impect loading.

2. Determine whether a staxard 8'x8°x2C* comtainer,
loaded tc capscity, will be damaged {f it sirikes
a bumper at a2 maximm horizontal velocity of three
feet per secoud.

ARRANGEMENT OF TEST EQUIPMENT

The impact test consisted of swinging a largze weight into one of
the bumpers. Figure 12 shows how tne test equipment was arranged.

One bumper was bolted on the end of the rectangular hopper frame; some
concrete weights were pisced on the oppesite end to prevent tipping of
the fraxmc and bumper upon impact. A truck crane with a 63-foot boom
was parked behind the bumper. The crane was varked and the boom
positioned so at rest the leading =dge of the load was almost touching
the bumper arm at the ispact poirt. Ixpact was always at approximately
the same locaticn: an area about 5% feet from the pivot point along
the bumper arm.

The load was 2z i5-ton concrete aachor block suspended from a single
lifring eye. Tc swing the lo2d for a test tun, a cable was tied to the
lifting eye and the cther end attached tc a quick-release hcok secured
to & forklift. The forklift backed up a pre-determined distance and
the quick-relesase hook unlocked, thereby allowing the 1oad to swing
into the bi=per.

A Mitchell 16 high-speed camerz was used to photograph two grid-
works near the ara. Ore grid, of squares 2/19 of a foot oz 2 side, wvas
placed behind the are. Ic was approximately 70" behind the buaper.
This grid waa photograghed during most of the teet runs since both the
are, impact point, and the load cculd be photograpned simultaneously.

Two rods were welded to the free end of the arm and exteaded out-
ward approximately four feet. These car be seen in Figure 12. A two-
inch diameter disk was welded to the ends of the rods where they inter-
sected. A second grid of one-inch squares was placed imeedfately behind
the disk. The length of the rods exaggerated the ootion of the arm ard
was particularly useful in measuring ar= motions when the load was coving

at slower velocities. It was not possible to photograph both grids
simulcaneously.
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A piece of plywood with radial lines every 2%° was mounted on the
arm at the pivot point (see Figure i2). A stationary rod was placed
just in front of the plywood. This arrangement could bz seen when the
large grid was being photographed and permitted a quick and easy measure
of the angular rotation of the arm during impact.

The high -speed camera was placed approximately 35 feet away from
the bumper and operated at 112 frames a second. When photographing
the large grid, the camera remained on a tripod on the ground. To
photograph the small grid and disk/arm arrangement, it was placed on a
seven-foot shipping container to give an almost head-on shot.

DATA REDUCTION

After the test, the film was processed and put on a Vangard

Analyzer. The analyzer permits frame by frame viewing of the film.

In addition, crosshairs can be super imposed over the viewing screen

to permit measuring the movement of the load or any other object in the
{film, using the grid as the scale.

When viewing the analyzer, movement of the arm or load in front of
the large grid was not a direct measurement since the grid was not
immediately behind the arm and/or load. Thus, using the grid will give
a weasurement greater than actually experienced by the load or arm.
Solving this oroblem requires nothing more than using similar tri-
angles te calculate the simple linear relationship between actual and
measured distance.

Time measurements were made by counting frames, assuming 1/112
second between frames. The rate of 112 frames per second is accurate
to + 2%.

" In analyzing the film on the analyzer, an arbitrarily chosen
refereace point of displacement and time was used. In general, an
easily recognizable spot on the striking weight was followed from the
moment it first appeared on the film. The location of the spot at that
moment was used as the reference point. Onge the reference point was
chosen, the following steps were used to take data from the film:

1. record the x, y coordinates of the reference point;

2. advance the film 14 frames (the equivalent of 1/8 of
one second); and

3. nove the x, y hairlines on the screec to the new

location of the reference point and record the new
coordinates.

These steps were repeated until impact of the weight and arm had
taken place. Then, in addition, the motion of a point on the arm was
also followed by recerding its x, y coordinates at different times.

19
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One of the easiest and clearest ways to view the capability of the
bumper to sttenuate the horizontal motione of a load is to compute the
amount of energy absorbed during impact. The bumper and load is a
system vhich possesses a certain amount of energy which 18 a function
of the velocity of the concrete block just before impact. The way the
test was set up, the block was at the bottom of its awing just sligntly
before it hit the bumper. Consequently, the total energy of the bumper/

load system i3 equal to the kinetic energy of the load just before
impact:

Total energy = K. E. of load just before impact =

erergy absorbed during impact with bumper + kinetic
energy of load after impact.

Letting

Vi = velocity of load at impact

V8 = velocity of load at separation from bumper arm
M = mags of load

E = energy absorbed during impact

(1/2)u vi2 - B+ (1/2)M72

or

2

v 2
;,5 =1-E/((1/2)Mv{ )

i

The ratio of (V /V )2 is, therefore, a measure of effectiveness:
It is the fraction of t%tal energy dissipated in any one impact, i. e.,
the ratio of the kinetic energy of the load after impact to the kinetic
‘total system) energy before impact. This ratio will be used &s a
measure of system effectiveness in the following discussion.

OBSERVATIONS AND DISCUSSION

Test results are presented in terms of horizontal-displacement
history of the striking weight, and the angular displacement history
of the arm. The velocity of impact, V;, was obtained by measuring the
slope at the point of impact of the horizontal-displacement history
curve of the striking weight. Impact velocitics of 1, 2 and 3 feet per

second were uscd. The velocity of separation, Vg, was obtained in the
same manner.
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Vi = 1 £ps Runs {Figures 13 and 14)

There were three test runs at this velocity. Data fron one run
was reduced. The weight was displaced initially 21 inches horizontally
from its equilibrium position. A horizontal velocity of 1.13 fps (feet
per second) was achieved at impact. The arm rotated 0.075 radians in
about 0.75 seconds after impact. The weight separated from the arm at
1.9 seconds after impact with a horizontal velocity of 0.73 fps. The
weight and arm stayed together during the whole period from impact to
separation. There was no rebound (i. e., the arm didn't fling the load
back), but the weight was observed sliding up and then down the arm.

No noticeable physical damage of either the hopper arm or the concrate
weight was observed. A ratio was obtained of the kinetic energy of the
weight at separation to that at impact, i. e.,

2
Ys| = .42

vy

Vi = 2 fps Runs (Figures 13 and 14)

Three tests runs were conducted at this velocity. The weight was
displaced 42 inches from its equilibrium position. Data reduced from
one such test run showed an impact velocity V; = 2.38 fps; a separation
velocity Vg = 1.5 fps; a maximun arm rotation 0.15 radians, and a time
duration of 2.4 seconds from impact to separation. Again, there was no
rebound. but the loazd slid about 10" up the arm from the point of
impact. No physical damage was observed on the load and arm. It is
interesting to note that the arm dwelled about 1/4 of 2 second during
its recovery rcotation as the load slid downward. The dwelling was
believed to be a combined result of weight rotation and deflection
characteristics of the shock absorbing mechanism (Figure 14). A ratio

was obtained.
Runs of Vi = 3 fps (Figures 15 and 16)

There were five tests runs at chis impact velocity. The weight
was displaced 62.5 inches from its equilibrium position before being
relecased. Data reduced from one such rur showed an actual impact
velocity of Vy = 3.27 fps; a separation velocity of Vg = 2.23 fps; 2
maximum arm rotation of 0.22 radfans; and a time duration of 2.85
seconds from impact to separation.
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(a) Striking velocity V, = 1.13 fps 0

i —d__
|

{

:‘ 0015 ==

0.10})-

Angular displacement
b, radian

0.05}
. , L\

: 0 1 2 Al
3 Time, sec ?
(b) Striking velocity Vi = 2.38 fps ?

3 Figure 14. Angular deflection history of hopper arm. :
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There was no rebound, but slidirg was observed. The weight slid
upward along the arm an approxicate uvotal of 14" from the impact point.
During this siiding, dwelling of the arm was observed ducing both its
deflecting phase and its recovery phace. The dwelling lasted about 0.
seconds during each phase (fer a total dwelling time of 0.8 seccnds).

The load appeared to be always sliding alomg the arm at it pushed the
latter. BRowever, it would simultaneously slide and push to a peoint
(aboutr 5" above the impact point) where the arm would stop rotating and
renain held in one positioa while the load continued to slide upwaxd
along the arm another nine inches ox sc and stop. The lcad remained
stationary for an instant and then £lid downward the nine inches, where-
upon the arm would begin rotating back. There was always contact between
the load and arm until the latter reached its neutra: (unloaded) position.
This action accounts for the dvelling of the arm and can be attributed

in part to the location of the impact point and the geometry cf the arm.

An impact point lower on the arm, cr zn arm that is not curved, wsay not
have allowed dwelling to occur.

A ratio of
haramt = ok6
3]

was obtained.

In ceatrast to the previous cases, data from the second cycie were
also recorded and reduced in this rua. The data showed a second
impact velocity Vi 2 = 2.20 fps and a separation velocity V5 7 = 1.33
fps. Vi 2 at 2.20 fps is within 2% of Vg 1 which was measured to be
2.23 fps. A maximum arn rotation of 0.14 radiar was measured and a
tice duration of 2.6 seconds from iopact to separation. XNo rebound,

but siiding was observed. No physical damage resuited in this second
impact. A ratio

was obtained.

RESULTS OF IMPACT TFSTS

The velocities of the striking weight reported were the velocities
of a point "A" near the edge of the concrete block {Figure 17) but not
those of the center of gravity of the concrate block.

In doing so, an error of no more than 3% is ianduced if a sinple
pendulum approximation is employed, since, referriag to Figure 17b.
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No more thsn 4% error is induced if a pendulus with two degrees of
freedox approximation (Figure 17¢) is used as the model, since

vc.z.e 60 4-&» 3 9

vA-w$+s.wé

Va-Yeg 258 2158 2.15

Ves. 60 d+38 60978+ 30 612

<&%

L3

(As shosm in Appendix A, the axpiitude 4 in the fundamental mede is
approximstely 0.97 that of 6. Appendix A also presents a discussion
of the estimates cf error aszociated with equating the velocity of
point A with that of the center of gravity of the weight.)

Slight rotation of the striking weight was evidenced by the
difference in impact points of the first and second cycle for the 3 fps
run. The second impact took place (.2 second and 4 inches sconer than
theoretical calculations indicated (cf. FPigure 15). As showm in Figure
15, this rotation induced little change in the slope of the displacement
history curve in the immedfste neighborhood of the impact point.

Summary of Runs at 1, Z and 3 fps

The runs with the 15 ton load are summsrized below:

2 b 3
't y ¥ax Amm
Run bgvy) VY et (Rad)
1 fps 52 .65 075
2 fps .40 .63 .15
3 fps - lst impact 46 .58 .22
2ed {mpact .37 .61 .14

It can be seen that the ratios of Vg/Vy are all within 47 of tneir
average., Consequently, as a rule of thumb, the separation velocity of
the icads is about .64 of the impact velocity for the 15 von concrete
block.
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(c) pendulum with 2-degress of freedom i

Figure 17. Specifications of weight and supporting cable.
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Similariy, the square of {(Vg/Vy) i. €., the ratio of kinetic emergy
of the block at zeparation to the kinetic energy at impact, is about .40.
Thus, it appears that the bumper abscrbs about 607 of the 15 ton load's
kinetic energy regardless of the ispact velocity (assuming that it
strikes £irst at about 3 f»s or less).

The above ure approximationsg, cof course, tut ars useful numbers
vhen discussing the shock shsorbing fsgtures of the bumper in general
terms, It should be noted that they were measured from teests with s
15-tor load striking the bumper arm a* the same place in every impact,
Different size lcads will undergo different motions. However, for loads
in the neighborhood of 15 tons, the behavior exhibited by the buaper in )
the tests can serve us 2 good spproximation. :

Figure 18 shows 2 plot of the actual mezsured velocity of the cormer
of the load (point A) during the impact tests in which the initizl
striking velocity was 3.27 fps. Also, plotted in Figure 18 is the
theoretical velocizy of the center of gravity of the concrete bleck if
it were alliowed to swing tack and forth as s simple pendelum starting
from the initial condition. In other words, the measured velocity of
point A shows what haprened to the lozd hitting the busper, while the
1 thecretical curve chows what would have happened if there were no
bumper.

. Since the high speed camera was focused on the arz and impact

£ point, the lcad could not be seen until it had traveled about 1/3 of
the wvay to tiie arm., This is vhy some of the measured V) curve is not
plotted just before impact. Arn estimate was made of about where the
measured curve should start in relation to the theoretical curve,
assuming both started at time zero. It is important to note, however,
that the differences in the peaks and valleye of the two curves are the
most significant quartities. 1If can be seen that the velocities of the
lcad are reduced cousiderably after twe impacts with the bumper arm.
Without the arm the load would still be swinging at over 3 iIps; instead,
it {s swinging at less that 1 fps z2fter only two impacts.

To get sn ¢verall estimate of the cushioning effect of the bumper,
note that the area under the negative part of the measures velocity
curves {the center porticn) is 627 of that under the ccmputed (theoret-
ical curve).

.

Effect of the Cover Plate

The cover over the hole in the lower fixed plate of the bumper
(see Pigure 5) is provided to restrict the outward flow of air Srom the
interior of the tires as they are compressed. The hole in the lowver
fixed plate is i-3/4 feet in diaceter and the cover provides a 5/32"
gap around the perimeter through which the air can pass.

Due to limitations in time and crame availability, it was decided
net to vary the gap width. However, some calculations were eade” which

s LR R

*
Northrup Corporation, Electronics Pivision, Report KORT 72-95.
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suggested that peak contact force between the bumper arr and containper
may be reduced somewhat if the gap were reduced from 3/32" to .05". &
reduction in the impulse was also indicated.

Nevertheless, calculation of stresses in a full-loaded contairer
striking the bu=per arm show that the container is nct over-stressed
i€ the gap is 5/32". The calculations are discussed in the following
sections. Consequently, the bumpers, as tested, arc satisfactory and
no changes in the gap width is necessary or worthwhile.
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DETERMINATION OF FORCES ON BUMPER ARM

k«\mﬁmMﬂ&mﬂw %mw

The data discussed to tais point provide insight into how the
bunper behaves as it is struck by & load. The next step is to deter-
mire: (1) the cegnitucde of the forces during impact and (2) what
stresses wuld be induced in a standard van container by these forces. ;
This entailed measuring the deflectiom/force curve of the bumper and :

relating it to the wotious of the arm under loadings as seen on the
film.

Czlibration ;

Figure 19 shows the set-up fsr the static calibration of the hopper :
arm, and the raw data obtained. Figure 20 shows the moment-angular
deflection relatioaskips vhich were deduced (graphically) from the
calibratiop data using 2 1" = 1' scale. The caiibraticn curve, pre-
sented as moment vs angular deflection curve, is shown in Figure 2i.
The curve shows a non-linear rcature cf the tires as they are compressed.
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Force Calculation

With the angular deflectious of the V§{ = 3 fps test run {Figures
15 and 16) as the enterirg pcints, the corresponding moments were read
fron the hopper arm calibration curve (Figure 21).

Assuming that the force at impact consisted of a normal component,
M, in a direction always normal tc the hopper arm, and 2 frictional
component, 3N, in a directioa always tangent to thie hopper arm, (see
Figure 22) it can be shown that:

(1)
.
dﬁ + udph,

N

where

g - is the coefficient of friction between the concrete tlock
and arm.
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d‘N and 4 are the moment arms of the forces N and uN,
res?e-:tively.

M - is the moment read fros the hopper arm calibration curve
(Figure 21}.

The sign in the denomirater is determired by the direction of g N.

The table in Figure 22 lists the coordinates of the impact point,
the direction angle, ¢, of the normal to the hopper arm, the moment arms
dlj and d; §, All the quantities were obtained graphicaliy using 2 1" =
1" scale. Also iisted is the computed valuas of ;;d2 N. Two values for
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u were used: p = .57 for stezl on steel, and ¢ = r aluziniu=m on
steel.

Table 1 and Table 2 present the values of N computed by using
equation (1), and the values of the resultzant R by

R =8 (1402 (2)
-1 (2)

and the direction of R by vy = (90° - §) + tan .

A maxi=am value of R = 6,240 pounds with 2 nearly vertical direc-
tion was obtained. 4All the above were deduced from the data of the
first cycie of the 3 ips test run. Those for the second zycle are
shewn in Figure 23 and Tables 3 and 4.

&s can be seen. the magnitude, the direction, and the point of
application of R varied during the period from ispaet tc separation.
Censecuently, the induced stressas in the container also vary during
the impact.

CALCULATION OF STRESSES IN THE CONTAINER

In the aralysis of the stresses in a container striking the hopper
arm it was assumed that the inertia force of the arm is smail. There-
fore, the system can be viewed as quasi-static; that is, the force
isposed on the container by the arm is a function of only the deflection
of and the position of the container on the ars. In other words, a
container wiil “sec" a series of sratic loads as it hits and slides
along the arm. It is assumed that coatainers hitting the arm will hit
at the saze icpact point or higher thap that used in the tests with the
15-ton concrete block, and in addition, will generaily folliow the same
path as the block up and dewn the arm.

Since the tests with the concrete biock were practically a worst
case situation - i. e.,, a relatively large mass hitting the bumper arm
at greater than design velocity - it {s unliikely that any coataiaer
hitting the arm vill be subjected to forces larger than those calculated

in the previcus section. This is particularly true of coatainers
weighing less than the 15-ton block.
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- F, 1bs D, in
: 0 36
3 250 35-3/4
i 500 34-3/8
1,900 30
1,500 27
1,725 24-3/4
3 2,000 23
2,500 21-5/8
3 3,000 20-3/8
2 3,500 18-3/4
E 3,500 13-1/4
Figure 19. Setup for hopper arm calibration.
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F, 1bs d, in M = Fd, in-1b 8§, Radian

0 87.4 0 0
500  87.7 43,850 0.021
1,000  89.2 89,200 0.091
1,500  90.0 135,009 0.13¢
2,000  91.3 182,500 0.199
2,500  91.6 229,000 0.220
3,000  92.0 276,000 0.238
3,500  92.4 323,400 0,262
3,500  93.2 326,200 0.349

Figure 20. Data of hopper arm calibration curve.
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pe | Time e Contact Poist ¢ - d!i 4 A e
Sec. Redisn | x, {ia}] y, In | Degree » in is e 8 ue.
0 0 0 20.75 } 35.50 47.1 ] 59.61 34,3 16.10 | 19.55
1 0.20 0.009 27.80 | 63.00 3.9 87,500 6.7} 35.8] 16.85 | 20.40
2 0.4% 0.175 37.20 ] €3.00 58.9 163,000 61.1} 3.4)] 17.10 | 20.80
3 0.7 0.201 33$.25 | €3.%0 6.0 19¢, 000 $3.2] 9.8} 18.70 | 22.7
4 0.95 0.206 £G.25 1 64.25 .9 200,060 63.8] 40.8] 19.20 | 23.¢
). 1.20 0.215 3%.890; 63.75 .4 220,600 63.4| 40.0 | 13.80 | 22.%0
[ 1.45 9.192 38.50 | 65.00 63.4 177,500 63.5] 0.5 19.05 | 2).10
7 1.70 0.148 33,70 | ¢6.20 61.2 142, 500 €3.5] 40.5] 19.05 | 23.10
] 1.95 0.135 32.9 | 65.20 58.3 132,506 $z.1} 38.0| 17.85 | 21.70
] 2.20 9.119 2%.60 | 65.90 $5.5 117,000 61.3] 3.5} 17.15 | 20.%0
10 Z.45 0.085 25.70 1 63.50 5.9 73,000 $9.21 33.5] 15.75 | £%5.10
11 2.70 -0.00% 18.20 | $3.%0 A.S 0 58.0 31.5| 14.20 | 17.95
Figure 22. Container force, cysle 1.
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g/a

///g\\\/j//\xxfz‘\\ﬁ 27277 \\\ 77
dN

. .;:. u:m Contact Peiat ¢ N d, | ¢ x| oy, 1a ]

x, in | y, in |Degree in {tn [p=.87|p=.57
¢| 2.09 c 17.50 | 62.50 | 43.5 0 57.51 30.2| 1.42 17.2
1} 9.21] 0.0262; 20.5C | 63.50 | 43.5 47,500 | 58.5] 32.2] 15.: 18.3
2] 9.46| 0.0785] 25.75 | €3.40 | S1.5 80,000 | 59.6] 33.5] 15.7 i9.1
37 9.71{ C©.1188] 29.20 | 63.30 | 54.5 | 116,000 | 60.4) 34.5] 16.2 19.7
| 9.96] 0.1300] 33.10 | 64.00 | 58.0 | 137,500 ! 2.0} 37.0] 17.4 25.1
$}|10.21] O.1310| 33.50 { 65.00 | 58.5 | 129,000 | 62.5| 38.0; 17.8 21.7
6| 10.46] 0.12230) 32.70 ;| 65.60 | 57.8 | 120,000 | $2.8} 38.0] 17.8 21.7
7]110.71| 0.0960] 31.00 | 66.70 | Sé.1 93,000 | 62.8] 38.5] 18.1 21.9
6] 10.96] 0.069%i 27.10 | 66.00 | 52.9 75,000 | 61.3} 36.2] 17.0 20.6
9]11.21} 0.0524] 25.00 ; £5.00 | 5C.2 68,000 | 60.4] 34.8; 16.3 19.8
10| 11.46] 0.0297| 20.50 ; 83.30 | 46.0 53,000 | 58,5 32.0| 5.0 18.2
11} 11.71 | ~0.0087]| 16,20 | 61.00 ; 42.0 0 56.0] 29.0] 13.¢ 16.5

Figure 23. Container force, cycle 2.
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Computer program ""SOLID SAP” was employed for calculating the
stresses in a container striking the hopper arm.® A model with 1,210
mass nodal points, 378 beam elements for the frame structure of the
container, 884 cembrane elements for the cover surfaces other than floor,
and 288 plate elements for the floor of the coatainer was used. Stress
distributions in the container were calculated for three lsading
conditions:

1. "roof pick-up” (supporting the ccntainer from the four
upper corner fittings) with the container loaded te
84,600 pouuds, i. e., twice rated capacity;

2. a uait concentrated load of 1,000 pounds appiied vertically
te on- end (Figure 2%a); zad

3. a unit concentrated load of 1,000 pounds applied horizoc-~
tally on oze end (Figure 24b).

The stresses caused by the unit lcads were multiplied by the
appropriate factor to give actual stress. The multiplication fastors
were determined by resolving the force of thke bumper arm on the container
into horizontal anrd vertical components. These stresses were added to
the stresses caused by the floor lcad, using the principle of super-
position and assuaming elastic behavior of the structural members of che
container.

The load case chosen - that is, the container strking one bumper in
the center of an 8-foot side - is considered the worst of the most likely
loading situations as far as impact forces are concermed. It is unlikely,
for instance, that the container would strike only one busper on the 20-
foot side; instead, it would strike two bumpers, which would result in
smaller impact forces.

Stresses in the immediate neignborhood of the lcad applicatio-
point for two loading cases are given in Figure 25. The values gives:
are the combined stresses in the beam elements caused by roof pick-up
and impact with tae bumper. Cases I and II were determined from the
bopper tests for, respectively, the first and second impacts of the
roncrete block tests (discussed previously) wexe the first striking
velocity was 3.27 fps. The peak stress values calculated are 12,380 psi
in tension and 8,810 in compression, both on the first impact. (The
forces used in each case are the maximums deterzined from the impact
tests.) The yield strength of the container frame members is 36,000 psi,
so it is evident that the members are not overstressed (particulary when
it is remembered that for the sake of safety, the program "loads" the
container to twice its actual weight capacity).

*

Wilson, Edward, "SOLID SAP, A Static Analysis Program for Three Dimen-
sional Solid Structures," University of California at Berkeley, 'C SESM
71-19, March 1972 version.
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(a)

1,009 1bs

1,000 ibs

(b)

Figure 24. Load cases.
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A cross-gection of the beam used in the calculations is also shown
in Pigure 25. This is a representative beam; that is, it is typical of
the mewbors used as the end cross-member in a container. This particular
meaber is from a Quick-Camp module, a contairer developed for the Seabees
as a shelrer/service unit compatibie with container handling and transport
equipment. The Quick~Camp container meets international regulatioas and
as such it is at least as strong as any other shipping contafiner. Petails
of container cocnstruction vary between mgaufacturers so under the same
loading conditions ancther container will most likely have different
velues than those in Figure 25. However, considering the similarities
between containers - they are more aljke than unalike - there is little
denger in zssuming that the results given in Figure 25 would chaagz only
moderately at worst if another container were used as an example. Also,
at the stress levels involved, even gross percentage differences between
containers would be of little concern.

One point worth noting is the stress level in the neighborhood of
point "G" (Figure 25). This point is in the middle of a cross-member
about 40" from the end. At G, a bending siress of 35,600 psi is reached
due to the roof pick-up alone. The effect of the hopper induced load
on the stress at G is less than 1Z.

SIMMARY OF DMPACT TEST FINDINGS

The maximuzm stresses in the container due to impact are within
acceptable limits. Based on a guasi-static analysis, the edge of the
confairer which strikes the arm is not overstressed, even if reiatively
large forces are assumed. Using the largest impact force measured in
the test, the maximum stress in the corner rail of the container is
12,980 psi (with the container loaded to twice its maximum capacity),
vhich is well below the yield stress of 36,000 psi for steel. !aually
a design stress of 20,000 psi is used for cteel of the type used in 2
container. Consequently, it i{s concluded that a fully loaded container
striking a bumper end-on at 3 fps or less will not be damaged.
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III. CPE TICGXAL TESTS OF THE HOPPER - OSDOC II

BACKGROLND

Tne contairer hopper was used in Offshore Discharge cf Centziner-
ship II (GSDOC II) in early October 1572 at Fort Story, Virginfa.
0SbGC 1I was a combined Army, Navy, and Marine Corps exercise done to
test varicus ceans of unloading non-self-sustaining containerships ir

the open sea.” The hopper was a cozpcnent in one of the unloading
systezms tested.

INSTALLATION OF THE HOPPER

The hopper wos assembled and installed on the 7x15 barge by
A=phibious Construction Battalion-TW0, Little Creek, Virginia. The
hopper arrived at Little Creek disassesbled, requiring that it be bolted
tegether and the base plates weided to the pontoon deck. Ouce asscmbled,
the two halves of the base were lifted onto the pontcon barge and placed
on their respective base plates. The top was then placed ontc the base
and the entire unit bolted together. &As noted in Figure 7, the bottom
of each suppoort let is volted to tha plates which are welded to the deck.

Rc unusual difficulty was encountered in the ssseshbly and jastal-
lation of the hopper. G&efore it fs used again, however, the diameter of
the bolt holes shculd be increased to provide greares tolerance for
sating two pieces vhich are boited together. Additionally, extra heles
should be drilled in mating flanges so a spud wrench can be used to
align the hcles. Thnese two {zprovezents will make the asse=bly easier
to accoz=plish.

A total of 96 man-hours were recguired fn the assczbly. Welders,

steel workere and a sedivm size {20-ton} crane were needed to cozplete
the job.

BOPPER OPERATICHS AT OSIOC II (1C October 1972)

The hopper was used on two successive days during OSDGC II. In
addition, two weeks after OSDOC II, it was used in a test exercise at
Little Creek, which simylated the OSDOC II tests. Each day's testing
is discussed In detail in the following paragraphs.

ot Wil SN O e e o D bl 4 bl

*
A non-self-sustaining containership is a concainershkip vhich does not
have cranes onr board.

AL Rt T D 8 e ok 8

46

AR 00 2 e




R

PR

The first day of operation was hampered by problems in mating one
of the causeways to the 7x15 barge. The causeway with the trucks on it
was connected tp barge; the other causeway was not. Rather than dig-
connect the one causeway and return to the beach, 12 simulated loadings
were done through the hopper.

The experiment consisted of driving the first truck off the cause-
way and into position under the hopper. The truck was a M-818 tractor
with a MILVAN chassis. The large crane on the Delong barge then re-
moved a container, which weighed 10 tons, from a containership cell,
lowered the container through the hopper ané onto the chazsis. The
crew checked each corner of the container to ensure that the twist locks
of the chassis could be locked, i. e., that the truck was loaded, then
gave the signal for the crane operator to 1lift the container off the
truck, through the hopper and retura it to the ship's cell.

The spreader bar was never disconnected from the container. No
actual locking of the container to the chassis took place, since it is
a minor task which only requires the crew to rotate a handle a turn or
so to secure the container.

Once the container was clear of the hopper, the truck backed up
onto the causeway and the operation repeated. This ensured that the
truck had to be driven under the hopper and positioned before the next
loading. See Figure 26.

Two different truck drivers were used. One drove in the first six
runs; the other in the remaining six. Neither had driven through the
hopper before the tests.

Two crews were used to operate the hopper. For the first six runs,
nine Navy personnel were used: one at each of the feour hopper guides,
one handling each of the four taglines on the container spreader bar,
and one in charge. Seventeen Army personnel were used in the second
six runs: two at each of the four fine positicning guides, two on
each of the four taglines, and one in charge.

Both crews were familiar with the hopper function and how it

operated, but neither had used it more than a few times before the
tests.

Elapsed Times - First Day

Elapsed times were measured beginning when the crane began to lift
the container out of the containership cell, ending when the container
was in position, ready to be locked onto the MILVAN chassis. For the
first (Navy) crew, these times were 5, 2, 6, 2, 2, and 2 minutes, for
an average of 3.2 minutes. For the second (Army) crew, the tiwes were
2, 4%, 4, 5%, 2 and 2 minutes for an average of 3.3 minutes.

In ali but a few of the 12 trails the crane operator began lifting
the container out of the cell shortly after the truck appeared to be in
positiorn. In a few instances the container was out of the cell and
over the hopper befere the truck was in final position.
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loading operation during the first day of hopper

operations during 0SDOC II.
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Figure 26.

1
n

t




It must be noted that the timing of the six-minute run of the
first crew did not begin until the container was over the hopper.

This is in contrast to all other runs, in which the timining began as
soon as the crane cperator began lifting the container out of the
ship. Additionally, there appeared to be some confusion during this
run on the part of the deck crew. If the 6-minute time is eliminsted
as "dirt"” in the data, the average time for the remaining five rune
may be used, 1. e., 2.6 minutes.

The overall average of all twelve runs was 3.25 minutes for the
transfer of the contaiser from the ship's cell, through the hopper, and
onto the chassis.

The transfer of the container back to the cell - (the reverse of
the loading cycle) took an average of two minutes. This time was
measured oii only six of the twelve runs: once for the Navy crew; five
times for the Army crew.

Another way to view the operation is to consider only the times
wvhere the hopper itself -es involved in a loading operation. This time
is the “positioning time," and is independent of the time required for
the crane to lift the container from the cell and swing it around to
the hopper. Starting the measurement when the containers was first
over the hopper (about 10-feet above it) and ending when the contsiner
was on the chassis, the elapsed time for the first crew averaged 2
minutes 3 meconds (4 trials); for the second crew, 2 minutes 24 seconds
(5 trials).

It is Zmportant to remember that the average elapsed times given
abcve are based on limited data. It is clear that the number of trials
is too small to make statistically valid conciusions about the hopper
loading times.

In addition, and perhaps most importantly, the trials were mcre of
a practice session than a simulation of a sustained off-loading exercise.
Tagline handling, for example, differed from run to run as the crews
experimented with various handling technigques.

From an cverall standpoint, therefore, it appears safest to classify
the first days operation of thc hopper as a trial sand error period for
all concerned - deck crew and crane operators.

Equipment Evaluation - First Day

The hopper was operated without difficulty on the first day.
There were no problems in swinging the guide assemblies into position
or turning the wheels. There were some minor things, which are nocted
below.

Taglines - Handling on First Day
Both crews had some difficulty in handiing the taglines, which

were attached to the corners of the spreader bar. This was particularly
true of the second crew, which on two occasions had the taglines crossed
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up and tangled around some parts of the hopper. Further crain:hig w‘:l:h
the hopper would at least alleviate this problem.

It should be noted in conjunction with tagline handling thtt the
lifting beam on the crane was not equipped with a swivel. Consequently,
it took more effort than desirable on the part of the deck crew to pull
on the taglines to rotate the container. Since the 7x15 hopper barge
is too smsll to allow handlers to move out and pull on the taglines
with optimum force (see Figures 1 and 26), it is strongly recommended
that a2 simple swivel bte included in all future rigging for an operation
of this type. Or the second day of causeway operations a swivel was
used to zreat advantage during the hopper operations.

i

e

Damage tc the Hopper Guide Assembly Latch - FPirst Day

As shown in Figure 9, the guide assembly rotstes on a collar. A
locking latch rotates with the assewmbly and can be dropped into one of
two slots which locks the assembly in or out of loading position.

During one of the loading operations when the container was far
down in the guides, just a few inches from the chassis, the crane opera-~
tor pulled up on the container. The container was low enough in the
guides that the lip on the lower edge of the door caught the lower edge
of the fore-aft hinged guide. Simjlarly, the lip on the lower edge of
the container at the other end caught the fore-aft guide at the opposite
end of the hopper. Consequently, when the crane operator started 1{fting
up cn the container, the two guide assemblies were 1lifred along with it,
sliding upward zlong their respective support legs. The latch was
therefcre lifted upward, out of the slot. Once clear of the slot, it
fell inward so its non-hinged end was in contact with the support leg.
When the crane operator lowered the container, the end cof the latch dug
into a ridge of the collar. The latch cculd not support the weight of
the guide assembly and was bent.

Figure 27 shows one of the bent locking latches. The damage was
not serious and hopper operations did not have to be suspended. Even
with the handle bent, the latch would still work. The latches are
equipped with a spring-loaded detent which will keep it in the lccked
position, during loading, or out of position as the guvide assembly is
being rotated. Some of the deck crew would push the latch inward past
the point where the detent would engage, anrd this probably is the reason
the latches fell inward.

The bent latches were casily straightened by pounding them with a
sledge hammer. This was done on the following day just before operations
with the hopper began.

To prevent damage to the latch in the future, a positive stopping
device will be installed. It can be either & detent with a stronger
: spring, or a small pin in the slots to make it impossible to push the

latch passed the point where it would point toward the support leg.
Both solutions are simple and will be easy to do.
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Crew Size

The first day's operation indicated that the time and cffort

required to ioed 2 coutainer through the hoyper are not decruud by
nearly doubling crew size from nine to seventeen. Jhe 17-wan "“c;‘

not any wore effective than the nine-man crew, and’ it ﬁi’&
mner crew size {s all that is needed.

HOPPER OPERATIONS - 11 October 1972 a2

In the second day of operation various trucks were dtim oxf tﬁ-
causeway, losded through the hopper, and driven forward to m*@ty
causewsy connectad to the opposite side of the 7x15 barge: "This was;
of course, different from the previous day's operation, vhere oily*the
oae truck was used in the hopper loading tests. R

The trucks from two causewsy ferries were loaded chmud: the
hopper. They are discussed below.

For each of thc two causewsys, the crew size was the same. There
was ¢ total of nine: one at each of the four guide assemblies, one

for each of the four taglines and ome in chaxge. Both Army and Kavy
personnel were used.

First Causeway

The first causewsy had six trucks on it. The first four were
loaded using an sutomated spreader bar. Due to problems in the contxel
system of the autowsted spreader bar, the remaining two trucks (as well
as ali the trucks on the second causeway) were loaded with ths manual
spresder bar. The meifunctioning of the automated spresder hir was in
no way related to the fact that it was used In the hopper operation.

Table 5 presents data on the first causeway operations. The
times are defined as foliows:

Table 5. First Causeway Loading (11 October)

Elapsed Time Elapsed Time

Container Wt to Position tc
8) /Numbe Truck/Trailer Truck Load Truck

1. kPCy/.‘Szgé H52/H127 4:30 3:00
2. 1074017 H818/H127 0:45 2:00
3. Empty/3643 MS2/MILVAN chassis 0:30 1:45
4, 1074010 M818/MILVAN chassis 1:30 1:45
5. 10/3729 M52 /MILVAN chusis* 0:30 3:00
6. Empty/3648 H52/MILVAN chassis® _0:30 _2:45

avg = "1:22 2:23

NOTE: 1. Runs l1-4 dene with automatic spreader bar; runs 5 and 6
done with manual spreader bar. 2. Read "minutes:seconds™

Complete run with no delays due to spreader bar problems.
**Off center lozd.
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Elapsed Time to Position Truck: Time beginning when the front
bumper of the truck first pusses under the hepper, ending when the truck
is stopped in position to be loaded.

Elapsed Time tc Load Truck: Time beginning when the crane operator
begins tc lower the container through the hopper {(from about 10 feet
above the bumper), ending when the spreader bar is disconnected from the
container resting on the truck. This i{s the most significant tiwe since
it is the actual loading time at the hopper. Morscver, it should be
voted that the truck could always be positioned in less time than it
took the crane to swing over the ship, pick up a container, and swing
back over the hopper. That is, crane cycle time and elapsed time to
load the truck aze critical and truck positioning is not.

Because of the delays in tyring to fix the automated spreader bar,
the loading of the trucks through the hopper was not a sustained operation.
iIn fact, operations were suspended for an hour as techuicians attempted
{0 fix the unit. Even runs No. 1 and 2 are suspect, since the spreader
tar was beginning to fail during that time.

Runs 5 and 6 with the manual spreader went comtinuously. This can
be cotisidered a sustained operation. Total elapsed time to load thec two
MILVAN chassis was 7 rinutes, which includes one minute delay between
trucks. The average is 3 minutes 30 seccnds per truck for two complete,
sustained loeding cycles.

Observations - First Causeway, Second Day

The same problems encountered in the previous day's ogeration
occurred in the loading of the first causeway on the second day. Most
notably, taglines were mishandled: sometimes they were Left to hang
free, thereby becoming tangled or caught on some part of the hopper.
Again, lack of practice more than anything else wis the problem.

After the first six trucks were loaded, the crane operator was
interviewed. He stated that in his opinion taglines were not required
at all in guiding the container into the hopper. The six hopper bumpers
presented a large enough target for him to get the container into the
hepper with no difficulty. Once in the hopper, of course, the taglines
were clearly unnecessary.

The slight evidence there is indicates that the taglines are un-
necessary to get the container into the hopper. In the third run (Table
5), taglines were not used and it can be seen that this is the shortest
elapsed time. In the remaining runs the taglines were ''used" in the
sense that someone was puliing on them bur according to the crane opera-
tor for all practical purposes he was doing the positioning by using the
bumpers to center the container over the hopper.

53

-
23

it




- ——— — m———
— - e = o e T T U TTI TN T == A S iy
PRI cpeinde{genie = FhammE g meem ety >

Second Causeway, Second Day

The szecoend causeway had five trucks on it, one of which was the
Marine Corps® M1Z3 tractor with two trailers. All the loadings were
with the manual spreader bar. Table 6 is a daia summary of the secoad
csuseway ioading through the hopper. The data in Tabdble 6 is presented
ir, different form than Tsble 5. In Tsble 6, the elapsed time 2t various ’
stages of the loading process are given. Time zerc is when the bumper
of the truck first pessed under the hopper. The time the trailer was
positioned (ready for loading) was considered the next event. Following
is the time vhea the crane operator has begun to lower the contairer to
the hopper. The final time is "spreader bar disconnected” vhich for the
manual spreader is the time at which a deck crew meaber has pulled tne !
rope to disengage the spresder from the container.

The Celay between trucke, given in the last column of Table 6, is
the diffsrence in time between when the spreader bar is disconnacted
and time zero for the following truck.

Adding the elapsed times for each run to the delay between trucks
gives total time, imcluding crane cycle time, to load the five trucks
with the six containers. The total is 34 minutes, 40 seccnds or an :
average of 5 winutes, 46 seconds per container. Average delay between :
trucks is 38 seconds.

The average of the differences between the "time container began
lowering" and '"time spreader bar disconnected" is 3 minutes, 22 seconds.

In other words, actual Ipading time through the hopper - disregarding
crane cycle time and positioning of the truck - is 3 minutes, 22 seconds.

e ———t—— iy TS o e

Observations - Second Causeway, Second Day

The taglines became tungled again on three of the trials, and it
was evident that some of the crew members were still learning. However,
the crew was ccordinating the operation of the fina positioning guides
with greater efficiency.

Comparing the time differences between ''time began to lower con-
tainer” and "disconnect container" of Tables 5 and 6, it can be seen
that the trucks of the first causeway were loaded in consistently faster
times than those cf the second. This is particclarly true of the
MITLVAN chassis times, where, for ths first causeways, four chassis were
loaded in an average time of 2 minutes 12 seconds, with none longer
than 3 minutes; yet, for the second causeway the same average was 5
minutes 51 seconds for tws chassis. This is most likely explained as a
difference in crew familiarity with the equipment. For example, for the
first truck off the second causewazy, the man directing the truck had the
driver stcp nearly 3 feet short of the loading position, suggestiug some
lack of familiari{cy with the equipment.

Nevertheless, some of the loadings of the M127 flatbeds were
accomplished in relatively short times. These were performed without 4
too much difficulty, zlthough taglines were mishandled occasionally. !
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The tandem trailer rig easily negotiated the causcway and had no
problem driving through the hopper.

Overail, there were no problems ia the operation of the hopper
mechanisms. All corponents functioned satisfactorily duricg both cause-
way loadings.

Comparison of MILVAN Chassis and M127 Loading Times - Second Day

When loading the flztbed, all the crew had to dc was engure there
wss no overhang of the centsiner once it was on the bed. Tney used the
guide asgemblies but manipulated them very little. In fact, the flatbed
ioads were essentially a straight through operation with no positioning
of the contaizer other than to have the fine vositioning guides in
position as the container was lowered.

On the other hand, the MILVAN chassis has the four twist locks on
which the container must squuwely rest. The room for error in placement
is very small, on the order of 1/4". Not suprisingly, then, the fastest
of all loadings was on a M127; it took 1 mirute. Yet two of the fastest
loadings (wvhich were on the first causeway) were MILVAX chassis, which
were loaded in 1 minute 45 seconds each. On the other hand, two of the
longest loading times were with the MIVLAN chassis: S minutes 5 seconds
and 6 minutes 30 seaconds for the two chassis cn the secoad czuseway.
£s mentioned sbove, most of the problem here was due to crew Iinexperience.
Considering that the four chassis on the first causeway were loaded in
an average time of 2 minutes 19 seccnds, with no time exceeding three
ninutes, it seems logical to conclude that something other than the fact
a chassis was being lozded caused the longer times on the seccnd cause-
way. The weather was no different and the containers were actually
lighter (assuming that coantainer weight is a factor), so lack of crew
expertise appears to be the most appropriate explanation.

Using the times of the first causeway, the average loading time for
the four chassis is 2 minutes 19 seconds; usinz tke two trouble-£f{lleé
runs of the second causeway, the average increases tc 4 minutes 28 seconds.
Thus, in either case - ignoring the extra long chassis lecadings or not -~
the flatbeds were loaded in iess than average time. Using what are
considered representative deta, however, the difference between thne average
loading times is only 16 seconds. Admiitedly the quantity of data is
limited, bet it at least suggests vhat is possible when using zhe hopper.
(For post-0SDOC II tests of considerably more trials, MILVAN chassis
loadings averaged iess than twc minutes. These tests are discussed later
in the report.)

COMMENTS OF IHE CREW AT OSDOC II

It was cthe opinion of the crew members interviewed that the trucks -
specifically the MILVAN chassis - could not be loaded without the hopper.
#ost mentioned that wicd forces on the container as well as btarge moticns
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would make it gextremely difficult ~ probably impossible - to use a crane
to place & conzsiner on a c!ns;is. Tests during 0SDOC I in Decembar 1970
substantiate theze statiqents.

Concerning the design and operaticn of the hopper, the crew had few
coements. Ncne found the hopper difficult to operate. One crew chief
recommended that something more positive than the orange lines on the
deck are needed to stop the truck in the loeding position., This sug-
gestion was heeded in the post-CSDOC IL tests aal proved to be worthwhile.

CRANE OPERATORS' CGMMENTS AT 0SDOC II

The crane operators had favorable comments on the hopper. They
found it easy to use the six bumpers to orieant the container for lower-
ing the container to the truck. As stated earlier, one operator mentioned
that ne thought taglines were unnecessary to guide the container over
the hopper. In fact, in one of the fastest of sll the losadings during
the two days at sea taglines were not used.

Ancther possibie use of the hopper teop was offered bty one crane
operator. He suggested that the hepper top be place over the contsginer-
ship cell to guide the spresder bar or retrograde containers into the
cell, it ws his opinion thar this arrangement wouid be considerably
more efficient than a crew on the ship pulling on taglines to maneuver
the spgrecder so it can be lowered fnto the cell. With miror additions
to the hopper top, this proposal could be carried out. It would be a
relatively esasy task to add shor: legs %o the hopper top so it could bte
quickly transierred frcm one cell to sanother.

PENDULATION OF CONTAINERS AT OSDOC II

Because of the calm seas, the lack of wind, and the skill of the
crane operstor, the contsiner did not pendulste fore than a few feet
in apy direction. Conseguently, the containers were never moving fast
enouzh to hit the bumpers with significant force arnd the bumpers were
therefore only lightly loaded. However, at sea and in the post-0SDOC II
tests, the crane operators would sometimes lower the container quickly
and 1z would strike a bumper fast enough to compress the tires s foot or

*See, for example, “After Action Report: gEvaluaticn of Off-Shore Dis~
charge of Containerships, 5-9 Dec 1970,"” U. S. Army Transportation Center
and Port Eustis, Virginia, pages C-1 and C-Z, where it is sfated that
"The practicality of positioning a container ontv a chassis vhen efither
the 1ifting device, chassis, or bSoth are influenced by uncontrollad
motion is inconceivable.”
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80. Because the containers were not pendulating significantly, the
bumpers were relied upcn more as aiignment devices than as energy
absorbers. Nevertheless, they 4id deflect sxall amounts, which is wmore
desirable than having the containers hit a rigid structure.

DAMAGE TG CONTAINERS

No damage occurred to any container lowered through the hepper.
Pzint on some coruner fittings was scraped cff, but this wes not
significaat.

EFFECTS OF SEA STATE AND WEATHER ON HOPPER CFERATIONS

Barge motions at s2a during the two days testing were miid. The
fizst day (10 October), sw2lls of four feet in haight were recorded; on
the second day, 2 feet. Corsequently, there was some m3otion of the
barge.

On a nusber of occssions on the second day, the container would be
withfnu half a foot of the trailer and it was noticed thuat the coatainer
was relatively stationary while the trailer was moving up and dowa with
the 7x15 barge, scmetimes making a contact with the container. In
addition, the barge would move back and forth. It is this kind of
notion which: makes it extremely difficult if not impossible to use a
craaze to put the container cn the MILVAN chassis without some assistance
from the hopper. Once in the hopper, the container was resirainedl and
the loading of a trailer was acco=plished as if there were no mctions
at all.

Wind velocities never exceeded 17 knots during the loading operations
at sez. The wind had no effect on the containers once thcy were confined
by the hopper aad very little, if any, effect on the containers swinging
freely from the crane. Weather during the two days the hopper was used
at sea wes pild.

EFFECT OF CONTAINER WEIGHT ON HOPPER OPERATIONS

The contsiners lowered through the hopper were either empty or
loaded to 5 or 10 tons gross. Some of the fastest loading times were
with the 10-ton containers, suggesting that container weight Las no
infiuence or t' - speed of hopper operations. In addition, the hopper
crew could not tell if the container was loaded or not as they manipulated
the fine positioning guides. In sum, the weight of the container had no
discernibls influence on the speed and ease of hopper operatioas.

58




TR ) T

it

Wil

1 e b e . —————T—— o ———

EFFECT OF SPREADPR BAR TYPE ON HOPFER OFERATICHN

Taree different spreader bars were used in the hopper loadings:
two at OSDGC IJ and one irn the post-0SDOC II tests (discuszed in the
following section). One waz fully zutomatfic and the other two were
manusily cperated. As far as the operation of the hopper is concerned,
there are no differences in the spreader bars.

Fine positioning of the container with guides did not vary with
spreader bar type aad, of ccurse, the bumpers performed the same.

OVERALL EVALUATIOR OF HOPPEZR OFERATICGNS DURING OSDCC II

The hopper was used without problems and no significant changes cto
it are necessury. Froa an overall standpoint the operaticn of the
hopper was a success. Thz MI127 flatbed trailers were loaded in as little
as one minute and HILVAN chassis in 1 minute 45 seconds.

However, the hopper was not used as much a3 planned. The two crews
operated the hepper a total of twelve Zimes each: six times the first
day and six times the second day. In other words, the hopper wis oot
usced enough on 2 consistent basis, vhich sakes it difficult 2o draw any
worthwhile conciusions about cycle tismes, equipsient durabilicy, and
learning curves.

Given this situation, it was decided that more hopper tezts should
be done after OGSDOC ITI. It was impossible, of course, to test it at
sea with the containership, Delong barge, and barge crane. But the
grrangement of the equipkent anZ the locading conditicas could be reazlis-
t£icaily duplicated in a2 harbor with no large commit=z:zt of manpower and
equipment.
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IV. POST-0SDOC II EOPPER TESTS

GENERAL DESCRIPTION

The post-0SDOC 11 hopper tests took place at Amphibious Coastruc-
tion Battalion-TNQ, Little Creek, Virginia, approximately two weeks
after the completion of CSDOC II. A Navy crawler crane, parked on 2
dock was used to lower 2 container through the ncrper cntos a 452/
MILVAN chassis. The hopper was still mounted oz the 7x15 bharge.
FPigure 28 i{s 2 photograph of the test setup. The container was empty.

The test procedure was the same as the firsc day'z testing at sea.
Starting from the far edge of the 7x15 (the sxtreme leffr of Figure 28)
the trick was driven under the hopper. Tne crane thea swung the
container 90° - from over the dock to over the hopper- and lowered it
through the hopper. O-ce the container was on the trailer so it zould
be secured with the twist locks, the deck crew rotated the guice
assenblies to the open position and the crane operator lifted the
container up and out of the hopper 2nd swung it back over the dock.
The truszk was backed cut cof the hopper to the start position and the
ogeration repeated.

The truck was loaded 25 times through the hopper with the nopper
top in place. The top was resoved and 25 losdings were done without
the top, just using the fine positioning guides. For basis of cowpari-
son, 18 runs with the hopper were also done.

CREW

Usually there were seven SEABEES in the crew, but sometimes only
five were available. There was one truck driver, a cranme operator,
and either three of four in the deck crew. If there were only three
in the deck crew, the truck driver would heip operate the hopper after
he had the truck in position. There was never more than one pan to a
coraer in the loadiag operation.

The tests took two days. FProbably a total of %ten 20 twelve men
took part at one time or another. However, only one crane operator was
involved; he ran the crane for every loading througzhocut the two days.

POSITIONING OF THE TRUCK

As mentioned in an earlier section, two orange ilines were painted
on the deck to mark where the front wheels of an ¥52 truck tractor
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should be for loading a MILVAM chassis. To make this stopping technique
even more positive, a piece of lumber was placed on one of the orange
inas to stop the truck. The arrangemeant is shown in Figure 29.
Using the lumber to stop the truck was very effective. Moreover,
it was small enough that one man could esasily place it on the orange

line with no loss or time.

POST-0SDOC II TESTS WITd THE HOPPER TOP

The following times were measured for the 25 runs with the hopper
top:

Time Zero: Clouzk starts when front bumper of M52 first
passes under hopper.

Time Truck in Position: Time at which the truck is stopped,
ready to load.

Time Container Strikes Bumper: Time at which the container
first strikes any cf the gix bumpers.

Time in Guides: Time at which the lcower edge of container

is even with the upper edge of the fine positioning
guides.

Time Container on Trueck: Time at which all four lower corners
of the container are in position, ready to be
locked onto the MILVAN chassis.

Time Container Clear: Time at which the container has been
lifted from the truck and is no longer over the
hopper.

All of the above are elapsed times, beginning at "time zero."

Time to Ponsition the Truck ~ Testsg With the Tecp

The time required to position the truck (beginning of course, at
time zero), averaged 24 seconds. The mode was approximately 15 seconds
with some runs as short as 10 seconds.

Two of the runs were over a minute. In both cases, the driver came
in crooked and the trailer wheels climbed up on the guide rails.
Ignoring these two trials, beth of which are anomalous, the average
time to position the truck is 19 seconds.

In all runs, one of the crew, standing near where the truck should
stop, gave directions with hand signals to the driver as he drove the
truck under the hopper. The signalman also gave dicections on when to
stop, in addition to using the piece of wood as a wheel step.
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Time to Load - Tests With Top X

The time between when the contalner first strikass a bumper and
when it is in the position to be locked on the truck is defined as
"time to load." This time averaged 56 secornds for the 25 trials.

Time in Guides - Tests Witk Top

The time between when the container was first zt the guides and
in the position to be locked to the truck averaged 38 seconds. This
can be considered the time gpent in the fine positioning operatiom,

i. e., turning the wheels to move the guides to get the containeér ;
squarely on the chassis.

(IR
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Tetal Cyzle Time -~ Tests With Top

The total cycle time begins at time zero and ends when the con-

tainer is out of and clear of the hopper. Average for this time was :
2 ainutes 48 seconds.
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POST-9SDOC II TESTS - NO HOPPER TOP

Pkl h e e

The hopper tcp was removed and 25 loadirg trials were done without
it. This test was originaliy part of OSDOC II, but time limitations
forced cancellation. Figure i1 is z photograpn of the test setup
without the top.

The top was removed in 39 minutes. One welder cut the 16 boits

which held the top to the base. The top was lifted off by the crane
with oo difficulty.
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Time to Postion Truck - Tegts Withocut Top

B dand f 2R,

The average time to positicn thne truck was 1§ seconds, deginning
at "tiwe zero" and end when the truck was in position, ready to load.

This time is considerably less (10 seconds less) than the tests
with the hopper top. The improvement is not related to the fact that
the top was off, Rather, it can be attributed to the fact that the
truck driver on these tests was highly skilled. He had approximately
eight years experience as a driver, most of which was driving
commercial trucks before he entered the service.

Bloria A W R
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Time to Load - Tests Without Top

The time to load is defined as the time elapsed between when the
container was over the guides and when it was positioned on the truck

and ready to be secured. The average without the top was 63 seconds
for the 25 trials.
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The 63 second average is more than 56 second ''time to load" for
the trials with the top. It appears that the differcnce can be
attributed to the beneficial effects of the top when used to center the
container over the fine positioning guides. Without the tor it was
necessary for three of the crew to pull on the taglines to orient the
{empty) container in the proper direction. This took mcre time than
using the bumpers on the top to guide and swing the coptainer into
position.

7ime in Guides -~ Tests Without Top

The "timz2 in guides” is defined the same for both the teuts - top
or no top. It is the time spent doing whatever manipulation is raquired
of the hinged guides to get the container squarely onto the truck. The
average time for the 25 runs without the top was 37 seconds. This is
within one second of the 38-second average for the 25 runs with the top.

Total Elapsed Time - Tests Without Tom

Total elapsed time, beginning at “time zero" and ending when the
container was up and clear of the hopper, averaged 2 minutes 3 seconds.
This is less than the 2:48 required with the top.

The difference can be attributed to part to at least three dif-
ferences between the top vs no top tests. First, the driver was yuicker
and had no trouble in driving under the hopper. Seccnd, aand probably
most significant, the time to lower the container irto the guides angd
1ift it out is considerably lesg than without the top than with it.

To clear, for example, the crane operator had only to iift the container
about 25 feet from the truck before he covld start to swing the container
over the dock. He, therefore, started to come in lower with the
container and thic reduced the time spent in 1lifting and lowering

through the guides.

Third, it was :lear that the crane operator was becoming more
skilled at placing the container over the hopper - top or no top. He
had over 50 trials with it, and vwas quite accurate in his placement
of the container.

TESTS WITH NO HOPPER

Eighteen {13) loudings were donme without the hopper. The truck
was parked on the 7x15 barge and the crane operator went through the
same motions in loading: swinging the container from over the dock
to over the truck when lowering it to the truck. Three SEABEES ware on
the 7x15 barge to handie tsglines and push the container into position
on the trailer.

The timing of this exercise was necessarily different than for
tests with the hopper. "Time zero," when the timing began, started
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with the crane swinging the container from over the dock. The timing
ended when the container was on the truck, in position to be locked.
The average time for loadingz irn this fashioii was 75 seconds. The
average elepsed time from instant the container was over the truck
until it wvas in the locking position was 56 seconds.

It is difficult to compare the loading operation without the
hopper with the two loading operations with the hopper. The three do
have one thing in comron in that the container was positioned over the
trailer and lowered downward to the final locking position. The average
times are:

Hopper with top (average eiasped time from
instant container hits bumper until it is
inlockiagFCSitiOQ-ZS‘.’unS).... Doo.ooasesec

Hopper without top (average elapsed time

from instant container is over hopper

guides until the container is in locking

position - 25 YURSj. « + 4+ o o 6 2+ o o o s s s o o » 53 sEC

No hopper (average elapsed time from
instant container is over trailer until
it is in lccking position - 18 ruas) . . . . . . . . 56 sec

In other words, with an empty container, suspended from 2 crane
on land, it makes no difference whether the hopper with the top or no
hopper at all is used if cnly the time over the trailer is considered.
Cn the other hand, it tazkes slightly longer to load the truck with the
hopper using no top and only fine positioning guides,

The operation of the hopper with the top was fast because it was
not difficult to drop the container through the bumpere, which aligned
the container and guided it right to the fine positiomiang assembly.

On the other hand, operating the hopper without the top took
slightly longer because the crane operator apd crew had to position
the container somewhat before it could be lowered info the fine
positioping guides. This positioning operation added an average of 7
seconds to the loading operation.

in the noa-hoprer loadings, the deck crew pushed the 4,700 pound
empty container with one hand while hoiding the tagline clear with the
other. They usually pushed the container sideways 4-6 inches until it
appezred as though the lower corner fittings were over the twistlocks.
They woulid stop puching, hold the container in position ard signal the
crane operator to lower the container.

Usually the crane operator would drop rather than "lower" the
containers. Most of the time all three crew members were aware that
the container was to be dropped; some of the time one may not. Thus,
there was a2 certain element of danger in this loading procedure which
could be eliminated by making it unnecessary for the deck crew to come
in contact with the container.
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In post-test interviews the crew stated that fwo thinge usually
slow down loading cperations. First, losded contuiners are difficult
te push into vosition, 30 more mancuvering of the crane is required to
get the container close to the twist locks. Secondly, winds can exert
forces cn the container which make it difffcult to move, position and
maintain position.

Comparizen of Time to Pesition Truck - Poat~03DOC II and OSDGC 1I Tests

The improvement in truck positioning which resulted from using the
lumber as a vheel stop is best shown by comparing average times. During
the causeway operations at sea, the trucks of the first causeway were
positioned under the hopper in an average of 1 minute 22 seconds, the
second causeway, 38 seconds. Measurement of truck positicning time
began when the bumper of the truck was first under the hopper and ended
when the truck was stopped, ready to te loaded. For the post-0SDOC II
tests, in which the lumber was used, the truck positioning times were
24 seconds for the inexperienced driver and 14 seconds for the skillful
driver, for an overall average of 19 seconds.

Another reason for the jimprovements in positioning may be due to
the effect of the learning curve applied to the driver and the can
directing him. Some of the drivers in the tests at sea drove through
the hopper only once. The drivers in the post-0SDOC 11 tests drove
through it 25 times each. While the data to not strongly suggest a
learning curve for the driver and man directing him, there appears to
be some improvement after the first few trials ~- at least for the
inexperienced driver.

Sumsary of Times - Post-0SPOC II Tests

The various times discussed above are summarized below. All
defined times are elapsed times from time zero. All trials with the
hopper include positioning the truck and swinging container 90° with
the crane before lowering.

Hopper With Top (Post-0SDOC II Tests 5 Trials

A. Time truck stops ~ in posjition

B. Time container strikes a bumper

C. Time contaiser in guides

D. Time container chassis, ready to be locked on
E. Time container free and clear of hopper

Average of A = 24 seconds
Average of U = 1 minute 48 seconds
Average of E = 2 minutes 48 seconds
Average D - C = 38 seconds
Average D - B = 56 seconds
Average E -~ B = 1 minute 56 seconds
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Hopper Without Top (Post-0SDOC II Tests, 25 Trials)

A, Time truck stops ~ in position

B. Time container over hopper guides

C. Time contziner in guides

D. Time container on chassis, ready to be locked on
E. Time container free snd clear of hopper

Average of A = 14 seconds

Avarage of D = 1 ainute 28 seconds
Averagz of E = 2 minutes 3 seconds
Averages of D - B = 63 seconds

Average of B - C = 37 seconds

Average of E - B = 1 minute 38 seconds

No Hopper (Post-0SDOC II Tests, 18 Trials)

All defined times are elsapsed timeg, beginning when the
crane operator began swinging the container 90  from over the dock:

&. Time contairer over trsiler
B. Time crene operator begins to lower container
C. Or chassis, ready to be locked on

Average of C = 1 minute 15 seccnds
Average of C - A = 56 seconds
Average of C - B = 42 seconds

it should be noted that generally it takes longer to raise the
container off the truck arnd through the hopper than it takes to dis-
connect the spreader bar and raise it free and clear of the hopper.
When rafsing the container off the truck aad up through the hopper,
the crane cperator was careful and rajsed the container slowly. When
raising 2 disconnected spreader off the container and up through the
buspers, less care had to be taken since the spreader is up high
already and requires less travel distance to get it up and ocut of the
hopper. In the case of the hopper without the top, there is little
difference between lifting the container off the truck and clear of
the guides or discomonect the spreader and lift it free.

For example, with the top on the hopper, the contziner must be
l1ifted a total of 15 feet off the truck before it is clear of the bumper
arms. On the other hand, the spreader bar has to be lifted only 7 feet
before it is clear of the arms of the bumpers. The extra lifting
distance, combined with the slower 1ifting rate used to 1lift the con-
tainer off the truck and through the hopper, result in a time difference
between the hopper loadings of the post-0SDOC 1I tes®s and what would
actually occur during a sustained loading operation. Based on observa-
tions during the second day of hopper operations at sea, this difference
is estimated to be 20 seconds less for the case in which the spreader

68

- - - e il Tty ~yii-—g = _: S i e i I




[

is disconnected &s raised clear. Consequently, from the time a concainer
first strikes a bumpcr until the spresder bar is clear and free of the
hopper will be 1 minute 36 seconds instead of 1 =inute 56 sevonds as
given above (time E - B for the hopper witl: the top).

EFFECTS OF WEATHER

Barge motions during tbe post~0SDOC II testes at Little Creek were
virtuclly non-existant. This is one reuson - the most important reascon -
that the loading operations without the hopper went quickly.
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V. ESTIMATE OF LOADING CYCLE TiMES AT SEA

The loading cycle times measursd &t the post~0SDOC II tasts can be
used &s the basis for estimsting the total cycle time for a loading at
sea during a suztained operation. Such an estimate is based on the
assuaption that ss far as the operatioa of the hopger is concerned,

i. e., positioning the truck ang cparating the guide assemblies ~-- there
is no significant differerce batween operation 2t sez and the operation

in the harbor. This appears to be a rezsonable asgumption based on the

observations aad data gathered during ell hopper teats.

An important difference worth noting is tkat in the foilowing
estimate the truck would not be stopped under the hopper by simply
judging the prcper loading position, as was done in the two days of
Lopper operations at sea; instead, the positive stopping device used
in the post~-0SDOC II test would be employed.

With these qualifications in mind, it is intereesting to estimate
the probably total cycle time based on the post-(SDOC II tests, which
consist of a reasonably large number of trials, and operational times
of the crane on the DelLorg barge, which was used a large number of
times in operztions other than those involving the honper. Perscnnel
evaiuating the crane have concluded that on the average the cycle time
for the crane is 2 minutes and 50 seccnds. The cycle starts with the
spreader bar 5 feet above the containership cell., The spreader is
lovered into the cell, secured to a container, the container lifted and

swung over to the hopper. This takes 2 minutes 20 seconds. An
additfonal 30 seconds ig required tc swing the empty spreader back to a
pcint 5 feet over the cell, meking the grand totsl 2 minutes 50 seconds.
The crene cycle time can be added to the hopper loading time to calculate
the total cycle time for loading one truck through the htopper. 1In the
post-0SDOC II tests at Little Creek, measurementsz were made between the
instant the container first strikes 2 bumper, is loaded onto the chassis,
andi then is lifted up and clear of the hopper. A coaservative reduction
of 20 geconds 1s wade for discounnecting the spreader bar froa the
container and raising it rather than the container clear and free of the
hopper. This is the time discussed in the previous section, which is
1 minute 36 seconds. Therefore, the estimeted total cycle time is
2 minutes 50 seconds plus 1 minute 36 seconds, or a tctal of 4 xdnutes
26 seccnds.

The second causeway on the secoand day (11 October) of hopper
operaticns at sea was the closest of all the tests to a sustiined load-~
ing sequence. The average was 5 minutes 46 seconds per truck for six
traiiers. The estimated time of 4 nminutes 26 seconds 1is over onz minute
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iess but appzars to be a realistic figure. In fact, it may be conserva-
tive: on the first causeway, the last two MILVAX chassis were lcaded
ir a total! elarsed time of 7 minutes, for an average cf 3 =inutes 30
seconds per truck. In these runs everything went as plaaned, particu-
iarly over the containership, where the second container was smoothly
and quickly 1iftezZ out of the cell.

It is impcrtant to rewemder that the estismuted cicle time is based
solely on changes at the hopper. The most important change is the use
of a crew vhich has used the hopper moze than & few times. Even further
reductions in truck loading time would be possible if the crane cycle
were made more efficient. Almost 3 minutes of the rotal cycle time of
4 ointues 26 seconds is taken up by the crane. Perhaps the change of
greatest bemefit would be to put another hopper top over ths cell of
the ccntainership. This would reduce the time required to position the
spreader bar over the cell before it can be lowered. This approach
was strongly endorsed by one of the ¢rane operators.

Finally, it should be noted that the ertimated cycle time is based
on the use of the hopper with the top. Testing of the hopper without
the top was not done at sea due to schedule changes during OSDOC II.
Until the feasibility of using the hopper without the top is democ-
strated, conjecture on cycle loading times should be avoided.
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VI. CONCLUSIONS ~ OSDOC II AND POST-OSDOC II
OPERATIONAL TESIS

it is concluded that:

1. The hopper grestly aids the placing of containers by
£floating crane onto truck trailers. This is particulary true if the
trafler is a MILVAN chassis.

2. Placement of a coutainer through the hopper top is an
easy and efficient operation which requires little, if any, reliance
on taglines to rotate the container in the proper direction. The crane
operatoer alone can mkneuver the container through the top.

3. One man per corner is sufficfent to operate the fine
positioning guides of the hopper. Each man can push his guide asseambly
into position, operate the feorc~aft and sidewaysz controls and push the
assezbly to the open position once the coatsiner is placed on the truck.
One additional man should direct the truck driver ir and out of the
hopper as well as coordinate the efforts of the four cther men.

4. Positioning the truck under the hopner presents no
unusual demends on the truck driver. A positive stopping method is
desirable. The latter could be a piece of wood placed on the deck which
stops the truck at the proper loading position.

5. The bopper caa he assembled with no unusual demands on
personnel or equipmeat. With minor changes, subsequent assemblies
shculd be faster than the first, which took 96 san-hours.

6. The possibility of damage to a container as it is lowered
through or lifted out of the hopper is remote.

7. The gross weight of the container has no influence on the
ease of speed of loading through the hopper.

3. Barge motions have little if any influence cn the ease
and speed of loading through the hopper once the container is within
the confines of the six bumpers.

9. Ko major modifications are required to the hopper. The

only change to the unit wili be to put a small stopping device in the
latch which lozks the fine pssitioning assexzbly in and out of position.
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16. The hopper can withstand indefinite usage of the type f
experienced in OSDOC Ii.

i 11. The type of spreader bar used to handle the container *
f has no infiuence on the hopper operation.

12. The #127, XILVAN chsssis, M5Z truck tractor, and M123
truck tractor, as well as similsr equipment, can be loaded through the
hopper without qualification.

13. MILVAN chassis takes longer to lcad through the hoprer
than flatbed trailers. (However, it takes mucn too long to secure
containers tc the flatbed trailers.)

14. The truck can be positioned under the hopper in far
less time than is required for the crane to swing over to the ship,
take a container out of a cell or off the deck, amd swing back over

to the hopper. Consequently, truck positioning time is not critical
to hopper efficiency.
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Appendix

FPROX IN USING VA EOR VC

The probliem of 2 swinging suspenged concrele weight can ve ideslized
by a2 two-degree of fresdoa pendulum as gshewe in Figure &-1. The object-
ive here is to obtain expressions for velocity of point A" and velocity

of the center of gravicy (szj, respsctively so that u meaningful cospari-
son can be made and the error in szing v

instesd ¢f V__ can be cstimated.
To obtain the oxpressions for VA az% ‘ch, the foliﬁmﬁng approach
is used:

(1} Formulate the gcrerning differeatisl equztions and
obtain The general soiution.

(2) Izpose the initial conditions and cobtain the solution

for specific problem in question, 1. e., zhe swinging
weighs probloea.

{3) For=ulate expressicns for VA and ¥ .
{54) Assess the difference betwaca "IA 25g ch.
FORMULATION

The kinetic energy cf the systess (Figure A-1) can be expressed as

. .2
KE:T:-'E—V 2+3:!, & (#-1)
2g cg s Txe

the term W/2g (V )2 represents the XE due tc the curviliner sodioa
of cg, aad sec ters represents the KE due to rotation abeut the cg.
Referring to Figure A-i_ by cosine low,

(n-2)
2 3 12 " : i ; N2
Veg " (L8)° +2 (L) (av) coz @—)+ (a 9)

- -, .2
= (LH s+ 2 (L4)(a8) + (ad)

on accsunt of the smasllness of (6 - b}, i. e., cos (b - é) =~ L.
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By (A-1) and (A-2)

(a-3)
re (2§24 snagie 2oy
T 2g xc
The potential energy of the system is

A-4)
PE=V=W[&(1-cos¢)+a(1-ccse)] (

wi 2 2]
2 2
5 |[td +ae0
Here again, ¢ and 0 are assumed to be small so that higher order terms

can be neglected as compared to unity. With {(A-3) and (A-4), letting
q =% 9, = 8, the Lagrangian equation.

(&-5)
& < -gT +§V =0, s =1,2
24s s g
yield the following differential equation for the system:
(4-6)
o2 ¥y, mp-o
g ! g
Wal A Wa’ \\
—-—(}+-—-+I €+ Wab =0
g g xc/
Equations (A-6) are the governing differential equations.
THE GENERAL SOLUTION
By assuming a solution of the form
(A-7)

¢=Asin (pt + @)

€ = B sin (pt +0a)
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the general solution to equations (A-6) is obtained as follows:

(a-8)

¢ = 0.967 81 sin (p1t+0'1) - 0.052!’%2 sin (p2t+az)
6 = B1 sin (p1t+cx1) + BZ sin (p2t+a2)
where

P, = 0.714 radians/sec - tue fundamental frequency

Py = 4,355 radians/sec

1 81, 32, o, and «, are the four constants of integration to be determined
. by the initial conditions.

THE SOLUTION
The initial conditions are:
(A-9)

0.0868 radians

-0~
)
o
1

8 =0

t=o

b _ =0

t=o

. =0

t=o0 !

Using (A-9), the four integration constants in (A-8) are determined as
below:

(A-10)

=
L}
]
[+
n
o
(=
o2
wv
N

and the solution becomes
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$ = 0.0852 [0.967 cos p,t + 6.052 cos pzt]

8 = 0.0852|cos p,c~ cOs P t]
[e0s Py 2

THE VZLOCITIES V., V
A c

Referring to Figure A-1l, for small escillation, the velccity of
point A can be erxpressed as:

(A-12)
V= L¢+t, 0
= ~3,843 sin plt + 0.7532 sin p2t
and the velocity of the cg as:
(A-13)

=4 2
Ve d+26
¥=3.714 sin p;t ~0.03154 sin P,t
ERROR IN USING 7, FOR V
A cg

The velocities V, and V  are plotted and shown in Figure 18. For

convenience, the curve for ve8is approximated by connecting points with
straight line segments. By defining the errcr, E, as the ratio of

Figure 18 shows a fairly good general agreement between V, and Vc
except at a few peak spots where a maximum E of about 30% 1is showtl.

From another viewpoint, the difference between V, and ch is, by
(A~-12) and (A-13).

(A-14)

VA - ch = -(.129 sin plt + 0.7847 sin Pyt
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The coefficient of (VA-Vc ) for the fundamental mode, the dominent
mode, is -0.129, vhich is only §.47Z that of Vog, that is, if we write

(A-15)

Vy~Veg = Ai fin plt + A2 sgin Pyt

sin p, t

Vg =B sinpt+B, 2,

1

e J 3.477
B

Based on this, it is believed that the overall erroz introduced in
usiag VA in place of ch would not exceed 4%.
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Data:
' = §0°
= |
{h 5.15
a = 3.035'
W = 30,000 1lbs
otso = = 00,0868 radians
b x® é = 3 =
t=o 0, t=o ¢t=o 0

Figure A-1. Perdiulum with 2-degrees of freedom.

30,0600 1bs
5,050 1lb-ft-sect

186.67 £t3
161 1b/ft3

Figure A-2. Weight
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